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1«  About  15  fluoroehromates  ai:*e  suitable  for  inducing  satisfac¬ 
tory  fluorescence  in  bacteria  and  other  microorganisms  in  a  liquid  medi¬ 
um^  in  order  to  Inqiiirore  the  conditions  for  automatic  counting  in  con- 
tinuous-floir  chambeirs.  This  applies  to  living  or  dead  bacteria* 

2*  The  most  efficient  teminal  concentration  for  the  <i^8  is 
1  t  10,000.  Fluoroehromate  solutions  should  be  alkaline  (pH  9)  but 
isotonla  is  not  necessary. 

3.  Iltoder  the  selected  specific  experimental  conditions,  dead  or 
living  bacteria  cannot  be  distinguished  from  each  at^xer  on  the  basis  of 
fluorescent  reaction. 

4.  Differentiation  of  individual  types  of  microorganisms  on  the 
basis  of  fluorescent  reaction  is  not  possible  in  the  present  experiment¬ 
al  arrangement. 

5.  The  dlstturbance  throu^  inherent  fluorescence  of  the  dye  so¬ 
lutions  can  be  reduced  by  elution  and,  to  an  even  greater  extent,  by 
the  addition  of  fluorescence-suppressants,  e.g.  aqueous  l;C-potassium 
iodide  solutions. 

6.  Non-bacterial  organic  particles  show  fluorescence  after 
treataient  with  most  fluorochromates.  Even  clay  particles  have  a  posi¬ 
tive  reaction  with  certain  dyes.  At  the  present  time,  the  possibility 
of  differentiating  inorganic  particles  from  bacteria  by  means  of  fluor- 
escencemlcroscopic  media  exists  only  to  a  limited  extent. 


1*  iDitroduotlon 


The  Battell«  Ihatitate  at  Frankfurt  mw  ehargad  alth  carrying  out 
an  Inreatlgatlon  of  fluoroohrovatlo  staining  of  Bdcnroorganlsas  by  tba 
CAP  CogqMUQr  for  the  Derelopnent  of  Measuring  Inetrogeents  in  Frankfurt 
in  October  196l«  The  investigation  ess  InteoAed  to  Identify  oicroorgat^ 
Isffls  in  a  liquid  medium  by  fluoresoenoe-sileroseopie  methods  and  to  ii»> 
pirove  the  oondltlons  for  automatic  bacterial  count*  It  Included  the 
selection  of  suitable  fluorescence  dyes  axid  processes  of  fluoroohromat* 

Ic  staining  idiich  eotild  pemlt  the  differentiation  of  bacteria  and  other 
microorganisms  from  other  organic  or  inorganic  particles*  In  addition^ 
it  eas  to  be  determined  idiether  it  is  possible  vdth  fluorescenoeHnlcro- 
scoplo  methods  to  demonstrate  specific  types  of  beuttaxia  as  sell  as  to 
differentiate  uhether  such  organisms  are  dead  or  lirlng* 

From  fluorescent  staining  a  basic  inproTssient  mas  to  be  expected 
in  the  performance  of  the  automatic  counter  uhldi  mas  developed  by  the 
CAP  Coopeny  under  Government  Order  No*  P*  T*  III  4a/00/PL  509/OO/O* 

The  specifications  listed  above  mere  prooessed  throueb  an  exper¬ 
imental  program  embodied  in  our  design  program  of  27  October  1961*  The 
present  report  on  the  findings  of  the  investigation  is  therefore  arranged 
in  principle  on  the  basis  of  this  design  program* 

As  agreed)  me  reported  on  Investigative  progress  in  tmo  inter¬ 
mediate  reports  of  Februaxy  and  of  May  1^2*  After  discussion)  a  third 
intermediate  report  mas  not  rendered  because  the  research  effort  mas 
tezninated  earlier  than  originally  anticipated* 

The  present  final  report  sunmarlzes  all  detail  investigations 
ax]d  results*  As  agreed)  tmo  copies  of  this  report  have  been  sent  to 
the  Federal  Office  for  Defense  Technics  and  Procurmnent  at  KbblenZ) 
attt  Dr*  Rodemald*  UTe  are  also  transmitting  three  copies  of  this  final 
report  to  the  Ministry  of  Defense)  T-III-7)  at  Bonn)  atti  Dr.  Ifatschin 
(by  letter  dated  2  July  1962)* 

2*  Materials  and  General  Methodology 

Six  types  of  microorganisms  mere  \ised  as  biological  experimenta¬ 
tion  materialt 

Cbranh-positlve  cocci:  Staphylococcus  albus 

Sarcina  lutea 

Gram-negative)  spore-lesS)  rod-  Serratla  marcesoens 

shaped: 
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(h'am-posltlve  spore  bacillit 


Bacillus  subtllls  (w/spores) 
ClostrldiuB  iMtulinum  (w/spores) 


Qraanposltlve  anaerobie  spore 
baelllit 

Fungoid  spores  Aspergillus  niger  (nyceliuD  and 

spores) 

These  strains  were  transferred  from  solid  nutritional  media  to 
glucose  solution*  AFber  centrifugation^  the  microorganisms  were  sus¬ 
pended  in  physiological  salt  solution  and  kept  refrigerated  until  pro¬ 
cessing* 

The  other  organic  and  inorganLo  particles  utilized  for  coiq[>ara<- 
tlwe  purposes  in  the  experiments  are  described  in  Section  7*  The  great¬ 
er  i>art  of  them  was  furnished  by  the  Particle  Bank  of  Stanford  Seseazoh 
Institute,  Ifenlo  Park,  California,  or  by  BadLsohe  Anilin  und  Soda  Fabrlk, 
Farbwerke  Hoechst  and  Mbmegian  Tale* 

Fluorocbranatic  staining  was  carried  out  wi:'i  a  total  of  59 
staining  dyes  of  different  oon^mnles*  Ifost  of  them  are  true  fluorochro- 
mates  and  only  a  few  of  them  wezo  other  types  of  dyest 


acridine  yellow 
acridine  orange 
auramine  0 
aurophosphlne  0 
berberine  sulphate 
"brilliant  dianil"  green 
"brilliant  sulphoflavin" 
chelidonium  extract 
chlorophyl  extract 
chroootroplc  acid 
corlphosphln^fuchsine 
true  cresyl  violet 
true  cresyl  violet  V 


cyanoslne 
diamond  phosphine 
"entozon  granulate" 
eosine 
eosine  F 
erythrostne  F 
euchryslne 
fluorescelne 
fluorescelne  F 
fluoresceins  K 
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fluorescelne  Na 
fuchsine,  basic 
fuchsine  for  staining  bacilli 


fuohslne 

"neutral  red"  B  extra 

fuchsine  S,  (cusid) 

prlmuline 

fuchsine  S-methylene  blue 

prune,  pure 

geranlne  0 

pyronine 

Coumarin 

rhodamine  6 

"magdala"  red,  true 

rhodamlne  3  00 

malachite  green 

rhodamine  6  00 

methylene  blue 

livanol 

methyl  green 

rose,  bengale 

methyl  green  00 

"rosol  red  B" 

methyl  greenrpyrorlne  slcc. 

thlazlne  red  R 

methyl  unibelllf  erone 

thiazol  yellow 

methyl  violet 

thloflavln  S 

morin  1  (Chroma) 

thiof lavin  T 

morin  2  (Merck) 

thlonlne 

muclcamdne 

trypaflavin 

At  the  start  of  the  investigation,  ire  utilized  the  fluorescence- 
microscope  equlpnent  of  the  Zeiss  Conpeiqr  (hi^-pressure  merciOT-vapor 
tube  HBO-200).  After  15  January  1962,  ee  \ised  concurrently  the  new 
fluorescence-microscope  equipment  of  the  Leltz  Company  (hl^-pressure 
mercury^apor  tube  CS-150)  irtiich  Is  complemented  ty  the  automatic  raicro^ 
camera  "Oirthcmiat”*  As  objectives  for  the  former,  we  utilized  planachro- 
mates  and,  for  the  latter,  fluorite  systems*  In  most  cases,  the  excl- 
tation-ll^it  filten  were  BO-12,  BO-  38,  UG-1,  and  UQ-5  singly  or  In 
various  combinations.  Ihe  selection  of  the  suppression  filter  depended 
on  the  given  requirements. 

3.  Preparative  and  Comparative  Investigation  on  Smears 

He  began  with  preparative  and  con^iaratlve  investigations  of 
smears.  Different  microorganisms  were  to  be  processed  as  smears  with 
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all  fliiorochrooiates  available  to  128  and  under  variations  of  the  stain¬ 
ing  conditions*  This  iras  done  for  the  purpose  of  finding  the  most  suit-* 
able  fluorescent-staining  dyes  for  subsequent  investigation  through  the 
screening  method* 

Smears  were  prepared  from  the  bacterial  suspensions*  Fluorochro- 
matio  staining  nas  made  by  immersing  the  heat  stabilized  slide  prepara¬ 
tions  in  freshly  prepared  solutions  (aqueous  solution  1  t  l^OOOj  chlo- 
rophyl  extract  mas  disolved  in  alcohol)*  The  exposure  to  the  stain  mas 
2  minutes  and  the  staining  time  mas  extended  to  20  minutes  in  most  oases* 
After  fluorochromatlc  staining,  the  preparations  mere  mashed  in  running 
mater  for  10  minutes  and  stored  in  the  dark  in  preparation  containers, 
after  drying,  until  examination*  From  the  start  of  fluorochromatlc 
staining  until  examination,  no  more  than  30  minutes  elapsed  in  any  case* 

The  findings  shomed  that  fluorochromatio  staining  mith  the  stain¬ 
ing  dyes  listed  in  Section  2  is  possible  in  an  ovendielmlng  number  of 
cases*  Differences  mere  shomn  to  exist  both  in  the  intensity  and  in 
the  color  of  fluorescence*  The  stainablllty  of  the  various  strains  mas 
also  quite  different,  especially  in  regard  to  color* 

Seven  of  the  approximately  60  fluorochromates  proved  to  be  par¬ 
ticularly  suitable  and  produced  the  hipest  fluorescence*  Subdivided 
by  tyx>e  of  organism,  the  resialts  obtained  mith  these  seven  dyes  are 
grouped  in  Table  1*  We  see  from  the  table  that  fluorescence  is  pre¬ 
dominately  yellom  and  also  red-orange  and  in  some  cases  green*  Pure 
green  or  pure  blue  fluorescence  mas  not  observed*  In  addition  to  the 
seven  hl^ily  suitable  fluorochromates,  the  stains  listed  belom  gave 
good  results: 

acridine  organs  (predominantly  red  fluorescence) 
aurophosphine  0  (predominantly  orange  "  ) 

brilliant  djanil  green  (yellom-green  "  ) 

corlphosphine-fuchsine  (red,  orange,  yellom  fluorescence) 
cyanosine  (orange  and  yellom  fluorescence) 
entozon  granulate  (orange,  yellom-green  fluorescence) 
morln  1  and  morin  2  (yellow  and  yellom-green  fluorescence) 
primullne  (in  some  cases,  luminous  yellom  fluorescence) 
rhodamlne  3  00  (yellm^green  fluorescence) 

We  should  also  mention  fluoresceine  K  and  fluoresceins  Na  with 
idilch  a  yellov-green  fluorescence  mas  obtained,  in  particular  for  sarclna* 

Color  Table  1  gives  a  tabular  review  of  all  the  findings  obtained 
in  this  experimental  series* 
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Color  Table  1 


Flttoroohroa 

(1(1000 


Qenerel  Staining  Bffeot  of  Fltunrachromatee 


Staphylo-  Sarolna  Serratia  Baoil- 

0000  lutea  naroee-  lue 

albua  oene  aubtilis 


Cl08tri~  Aapei^ 
dium  gillna 
botnli-  niger 


nun 

“Tf - 5T 


acridine  yellov 
acridine  orange 
auranine  0 
aurophoepliile  0 
berberine  sulphate 
"brilliant  dianil"  green 
"brilliant  auli^oflavln" 
cbelidoniUB  eoctraot 
ohlorop^l  extract 
chromotropic  acid, 
coriphoapnine  0 
coriphoaphine-fuchalne 
true  oresTl  violet 
tz^  creayl  violet  V 
cyanoaine 
diamond  phosphine 
"entoBon  granulate" 
eosine 
eoaine  F 
erythrosine  F 
euchrysine 
fluoresoeine 
fluoresoeine  F 
fluoresoeine  K 
fluoresoeine  Na 
fuchaine^  basic 
fuchslne  for  staining 
bacilli 
fuchslne 

fuchsine  S,  (acid) 
fuchslne  S-methylene  blue 
geranine  G 
Coumarin 

"magdala"  red,  true 

malachite  green 

methylene  blue 

methyl  green 

mett^l  green  00 

.methyl  green^pyronine  sloe. 

methyl  vnd>elliferone 

meti^l  violet 

morin  1  (Chroma) 

morin  2  (llerck) 

mucicaxmine 
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Color  Table  1  (Cont*) 


"neutral  red"  B  extra 
prlnnillne 
prone,  pore 
pgrronlne 
rhodaalne  B 
x^cdamine  3  CO 
xiiodamine  6  00 
rlvanol 
rsae,  bengale 
■roeol  red  B" 
thlaaine  red  R 
thlazoi  Telloir 
thloflavlne  S 
tMoflarln  T 
thlonine 
trjrpaflavln 
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staining  IfLoroarganlaiM  ulth  S«l«oted  Fluo 


On  this  and  on  all  other  color  tables^  the  intensity  of  fluores*- 
oenoe  is  indloated  by  the  foUoeing  STnbolst 

no  synbol  ■  normal  fluorescence 

-  very  weak  fluorescence 

*  ■  notable  fluorescence 

+*  *•  luminous  fluorescence 

***  *  stroxigly  luminous  fluorescence 

+♦♦♦  ■  very  strong  fluozescenee 

For  reasons  of  cost,  me  eliMnated  reproduction  of  the  numerous 
microphotographs  of  especially  selected  preparations* 

4«  Demonstration  of  IfLcroorganlsms  in  Liquid  lisdia 

4,1.  piuorochromatic  Film  Method 

Fluoi*ochromatlc  staining  in  liquid  media  mas  made  initially  by 
the  fluorochromatlc  film  method*  Here  the  microorganisms  in  physiologl-  > 

cal  salt  solutions  mere  transferred  to  slides  prepared  mlth  various.  ~ 

fluorochromates:  s 

i 

Starting  mlth  a  1^  standard  alcohol  solution  of  the  respective 
fluorocbromate,  diluted  solutions  mere  prepared,  transferred  to  carefully 
cleaned  slides  and  poured  off  after  one  minute*  An  extremely  thin,  hard*  I 

ly  visible  fluorochromatlc  film  then  zmmained  on  the  slide*  Slides  pre¬ 
pared  in  this  manner  can  be  stored  for  a  very  long  time*  4 

.  ^ 

One  drop  of  the  respective  bacterial  siispension  mas  applied  to 
the  slide  and  covered  by  glass*  The  staining  of  the  living  bacteria  mas 
then  observed  immediately  and  directly*  The  microorganisms  examined  mere 
the  same  six  types  listed  in  Section  It  Staphylococc\is  albus,  Sarcina 
lutea,  Serratia  marcescens,  Bac*  subtllis,  Clostrlditmi  botulinum,  kaper- 
gill\is  nlger* 

On  the  basis  of  the  findings  of  the  first  experimental  series,  me 
did  not  utilize  all  of  the  fluorochromates  then  employed  but  only  those 
idiioh  had  proved  themselves  as  basically  suitable*  Sixteen  of  35  fluor- 
ochromates  shomed  themselves  to  be  suitable  for  fluorochromatlc  staining 
under  these  conditions* 

Selection  mas  based  not  only  on  satisfactory  fluorescence-micro¬ 
scopic  demonstrability  of  the  organisms  but  me  directly  eliminated  as 
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unsuitable  those  fluoroohronates  uhioh  produce  strong  n.uorescenoe  of 
the  aobient  liquid  nedlum  (inherent  fluoresoenoe  of  the  dye  in  solution)* 
This  so-called  "background  fl\ioresoenoe"  anist  be  kept  as  lov  as  possible 
if  eacaninatlon  Is  to  be  performed  in  liquid  media* 

nth  this  condition  in  mlndf  the  following  16  fluoroohromates  were 
selected  for  utilisation  or  further  Investigations! 

acridine  ;’b11ow 
acridine  orange 
aurandne  0 
aurophosphlne  0 
"brilliant  dlanLl  green" 
ooriphosphine  0 
ooriphosphlne-fuchsine 
diamond  phosphine 

nth  only  faint  background  fluorescence*  they  induce  in  living 
mlcjToorganisms  notable  fluoresoenoe  which  is  either  given*  green-yellow* 
yellow*  or  orange.  Sspecially  the  acridine  dyes  produce  sharply  differ¬ 
entiated  pictures*  Hhether  the  individual  odoroorganisms  are  stalnable 
to  a  different  degree  could  not  be  decided  with  ceirtainty* 

In  view  of  the  extensive  material  and  the  following  results*  we 
rejected  reproduction  of  the  findings  in  a  color  table* 


entosone  granulate 
euohrysine 
norln  1  (Chroma) 
morin  2  (lierok) 
rivanol 
thlof  lavin  S 
thloflavln  T 
trypaflavin 


4,2*  Direct  Fluorochromatic  Staining  in  Liquid  Media 

After  azTlvlng  at  a  selection  of  a  limited  number  of  sidtable 
fluorescent  dyes  with  the  aid  of  the  fluorochromatic  film  method*  direct 
fluorochromatic  staining  of  living  microorganisms  was  carried  out  in 
-  simple  covered  dishes  or  covered  slides* 

For  fluorochivmatic  staining*  the  bacterial  suspensions  in  physio¬ 
logical  salt  solution  were  mixed  with  the  respective  fluorochroaate*  al¬ 
so  in  physiological  salt  solution*  at  a  ratio  of  1  i  1*  The  Initial 
fluorcchromats  concentration  was  It  1*000  and  the  terminal  conceirtratlon 
therefore  1  t  2*000.  Immediately  after  adding  the  fluorochrcsnate*  one 
drop  was  transferred  to  a  slide*  covered  and  examined*  The  fluorochro- 
mates  morin  1  and  morin  2  as  well  as  rlvaiwl  were  not  dissolved  in  phys¬ 
iological  salt  solution  but  in  distilled  water* 

The  same  experimental  procedure  was  anployed  in  a  second  series 
in  which  the  terminal  concentration  was  1  t  4*000*  Findings  can  be  sui»- 
marized  as  follows: 


All  of  the  fluorochrcmiates  investigated  notably  stained  the  liv¬ 
ing  bacteria  but  aspergillus  niger  is  demonstrated  only  very  poorly* 
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In  moat  oases,  there  again  occnrs  a  green,  greea-^Uow,  yellow  and  or^ 
ange  fluoresoenoe  and  in  some  eases  only  a  green  or  yellow  fluoresoenoe 
of  the  nioroorganlsDs*  Disregarding  minor  differenoes,  staining  at.  a 
ooneentration  of  It  4*000  is  as  distinct  as  in  one  of  It  2,000* 

In  this  experimental  arrangement,  special  attention  eas  given  to 
the  question  idiether  and  to  tdiat  extent  the  background  fluorescence  of 
the  respective  dyes  infltrsnces  the  demcnstration  of  the  corpuscular  ele~ 
ments*  We  found  that,  with  the  exception  of  trypaflavine,  the  baoifr* 
ground  fluorescence  is  so  minor  that  any  disadvantageous  influence  was 
not  noted  with  our  experimental  conditions*  Ihis  is  shown  particularly 
well  in  the  weaker  concentration* 

Color  Table  2  groups  the  findings  of  this  experimental  series 
for  a  concentration  of  1:4,000* 

Diis  table  also  indicates  that  it  is  apparently  not  possible  with 
the  fluo3*ochromate8  presently  available  and  under  the'  experimental  con¬ 
ditions  described,  to  achieve  a  differentiation  of  the  tyj>e8  of  micro¬ 
organisms*  This  corresponds  also  to  our  other  experiences  during  this 
coDnlsslon  for  research*  We  were  not  able  to  observe,  in  any  case,  a 
specific  demonstration  of  certain  bacteria  or  other  organisms*  This  ob¬ 
servation  applies  strictly  only  for  the  six  microorgenisms  tested*  How¬ 
ever,  since  the  microorganisms  esQ>loyed  by  lus  z>epresent  deflixLte  groups, 
the  possibility  of  a  differentiation  by  type  in  the  experimental  arrange¬ 
ment  as  described  is  improbable  in  general* 

5*  Influence  of  Dye  Concentration,  Osmotic  Pressure  and  pH 

In  a  further  experimental  series,  we  attenq>ted  to  achieve  optimum 
demonstration  of  bacteria  by  varying  given  characteristics  of  the  fluoro- 
chxomatlc  solutions*  utilization  of  all  six  types  of  microorganisms 
would  have  resxilted  in  very  extensive  experimental  series*  We  en^^oyed 
only  staphylococcus  albus  for  this* 

Variation  of  Dye  Concentration 

With  the  xxtillzation  of  direct  fluorochromatlc  staining  in  liquid 
media  (as  in  4*2),  the  fluorochromates  were  prepared  in  four  terminal 
concentrations  of  1:4,000,  1:10,000,  1:100,000,  1:1,000,000*  By  "termi¬ 
nal  concentration",  we  here  mean  the  ooneentration  resulting  after  addi¬ 
tion  of  the  bacterial  suspension*  We  utilized  15  fliiorochromates  but 
eliminated  morin  2  (Chroma)  because  it  offers  no  advantages  over  morin 
1  (lisrok)* 


Color  Table  2 

Fluorochromatlon  in  IdqtdLd  Madia  (living) 

Fluorochroniate 
concentration 
li  2,000 
Tendnal 
concentration 
It  4,000 

Fluoroohromate  Staptiyl.  Sarcina  Serratia  Bacillus  Clostrid.  Asperg. 

albus  lutea  maroese  subtilis  botulinum  niger 

Acridine  jnaLloir 
AorLdine  orange 
Auraain  0 
Aurophoaphin  0 
"Brilliant  dianil"  green 
Coriphosphine  0 
Coriphospbine-fuchsine 
Diamond  phosphine 
"Entoson  granulate" 

Euchrysine 
Morin  I  (Chi*oina} 

Morin  II  (Merck) 

RLvanol 
Thioflavin  S 
Thioflavin  T 
Trypaflavin 
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Color  Table  3  shows  the  restilts  obtained  In  this  experimental 
series*  It  was  shown  that  a  terminal  concentration  of  It  lO^CXX)  was 
the  most  suitable  for  all  further  Investigations*  At  this  dye  concen- 
tratlon^  the  bacteria  were  made  visible  to  almost  the  same  extent  as 
with  the  concentration  of  1  t  4»0(X)*  However,  the  background  fluores¬ 
cence  was  appreciably  stronger  In  the  latter*  In  the  lower  concentra¬ 
tions,  staining  was  less  pronounced  which  may  possibly  be  due  to  the 
longer  time  of  exposure  required* 

All  other  Investigations  were  carried  out  at  a  texmlnal  concen¬ 
tration  of  1  t  10,000* 

Variation  of  Osmotic  Pressure 


The  Influence  of  the  osmotic  pressure  of  the  fluorochromate  solur* 
tlon  on  fluorochromatlc  staining  of  staphylococcus  albus  was  tested  In 
two  eaqperlmental  series.  The  dye  solutions  were  prepared  in  several  con¬ 
centrations  (1  :  4,000  to  1  t  1,000,000)  either  in.  ulstlUed  water  or 
In  a  2^  salt  solution* 

This  pennltted  us  to  establish  the  stalnablUty  of  the  bacteria 
by  15  fluorochromates  In  hypotonic  and  hypertonic  media* 

The  findings  of  these  experimental  series  may  be  grouped  as  fol¬ 
lows  t  essential  differences  in  the  colors  of  fluorescence  do  not  occur. 
However,  since  the  microorganisms  are  more  sharply  presented  in  a  hy¬ 
potonic  medium  In  which  background  fluox*escence  Is  less,  the  use  of  hy¬ 
potonic  solutions  Is  preferable  for  the  Intended  purpose*  We  eliminated 
reproduction  of  the  tabular  material  in  this  report  because  of  the  ex¬ 
tent  of  the  former* 

Variation  of  Hydrogen-Ion  Concentration  (pH-value) 

In  regard  to  color  differentiation  and  intensity  of  fluorescence, 
advantages  were  to  be  expected  from  variation  of  the  pH-value  of  the 
fluorochromate  solutions.  We  therefore  subjected  living  staphylococci 
to  fluorochromatlc  staining  with  dye  solutions  of  different  hydrogen-ion 
concentrations.  We  again  utilized  the  15  fluorochromates  listed  above 
at  tezmlnal  concentrations  of  1  t  10,000.  The  dye  solutions  were  adr- 
justed  with  a  phosphate  buffer  (secondary  sodium  phosphate  and  primary 
potasslm  phosphate,  1/5  inol  in  each  case)  to  the  following  9  i^-valuest 
4*40,  5*33j  5.98j  6.42;  6.78j  7.09;  7.71;  8.39;  and  9.07,  by  means  of 
a  "knlck"  pH-oeter  (glass  electrode). 
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Color  Table  3 

Fluoroohiramation  pci  Liquid  Media  (staphyl.  albus  -  live) 


Terminal 

conoentra-  1*4,000  1*10,000  1*100,000  1*1,000,000 

tion 

Acridine  yellow 
Acridine  orange 
Auramin  0 
Aurophosphin  0 
"Brilliant  dianil"  green 
Coriphosphine  0 
Coriphosphine-fuchsine 
Diamond  phosphine 
"Bnbozon  granulate" 

Buchrysine 
Morin  (HeTCk) 

Rivanol 
Thioflavin  S 
Thioflavin  T 
Trypaflavin 
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The  resi^-ts  are  combined  In  Color  Table  4*  It  irLll  be  seen 
that  variation  of  pH-value,  in  contrast  to  experience  in  histology  ■with 
bacteriSf  does  not  produce  a  differential  bonding  of  -the  fluorochromates 
and  any  consequent  color  differentiation*  On  the  contrazy^  for  most 
fluorochiromateS}  the  fluorescent  coloiring  is  independent  of  pH*  Only 
in  the  alkaline  range  does  it  appear  ■that  ■the  red  fluorescence  of  the 
bacteria  is  less* 

In  nearly  all  fluorochromates,  an  increase  of  the  in'tensity  of 
fluorescence  is  notable  in  -the  alkaline  range  and  'this  increase  is  es¬ 
pecially  marked  at  pH  9*07*  Diis  finding  is  not  without  significance 
for  practical  purposes,  especially  since  the  background  fluore^scenoe  of 
the  solutions  is  generally  less  in  the  alkaline  than  in  the  acid  range* 

On  the  basis  of  ■the  findings  of  this  experimental  series,  we  can 
state  that  a  dye  concentration  of  It  10, 000  at  a  pH  value  of  about  9 
produces  optimum  s'taining* 

6*  Differentiation  of  Dead  and  Il'ving  Bactezla 

A  further  experimental  series  was  intended  to  answer  the  question 
whe'ther  it  is  possible,  under  the  experimental  conditions  described 
above  and  nearly  equivalent  -bo  -the  conditions  existing  in  practice,  to 
differentiate  between  dead  and  li-ving  bacteria*  We  again  used  staphylo¬ 
cocci  as  experimen'bal  subjects  and  investigated  both  li-ving  as  -well  as 
hea't-killed  bacteria  (autoclaves  120°  C;  1*2  at;  30  minutes)*  Fluoro- 
ohromatic  staining  was  again  carried  out  with  15  dyes  at  terminal  con¬ 
centrations  of  li  10,000*  On  -the  basis  of  the  experience  of  the  exper¬ 
imental  series  iimaedlately  preceeding,  the  solutions  were  prepared  in 
each  case  once  with  distilled  water  and  the  second  time  wi'th  a  phosphate 
buffer  at  a  pH  of  about  9* 

Color  Table  5  shows  the  results  in  simplified  form*  It  indicates 
that  it  is  not  possible  to  speak  of  a  systematic  change  of  fluorescent 
coloring  of  dead  as  compared  to  living  s-baphylococci.  In  particular, 
acridine  dyes  are  apparently  not  suitable  for  ■the  differentiation  of 
dead  from  living  bacteria*  Althou^  these  findings  do  not  appear  to 
permit  differentiation  between  dead  and  li-vlng  bacteria,  we  believe  that 
this  might  be  possible  under  different  experimental  conditions*  How¬ 
ever,  examination  of  •this  question  would  be  extensive  and  expensive* 


Color  Table  4 


Fluorochromatlon  In  Uqvild  Media  (ataplijl*  albus  -  live) 

Concentration 
1*10,000  in 
I*os|*ate 
buffer 

pH  4.40  5.33  5.98  6.42  6.78  7.09  7.71  8.39  9.C7 

Acridine  yellow 

Acridine  orange 

Auramln  0 

Aurophosphln  0 

"Brilliant  dlanll"  green 

Coriphosphine  0 

Coriphosphine-fuohsine 

Diamond  phosphine 

"Entozon  granulate" 

Buchryslne 
Morin  (Jferck) 

Hlvanol 
Thioflavin  S 
Thioflavin  T 
Trypaflavin 
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Color  Table  5 


Fluorochromatlon  In  Liquid  Media 
(Staphylococcus  albus  -  live  and  dead) 

Concentration 

lil0,000 

pH  9.06  pH  9.06  +  Aqua  dest.S^  Aqua  dest  + 

Acridine  yellow 
Aczldine  orange 
Auramln  0 
Aurophosphln  0 
"Brilliant  dianll"  green 
Coriphosphlne  0 
Coriphosi^ne-fuchsine 
Diajnond  jiiosphine 
"Bntozon  granulate" 

Buchrysine 
Morin 
RLvanol 
Thiof lavin  S 
Thioflavin  T 
Trypaf lavin 
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7*  Differentiation  of  Organic  and  Inorganic  Partlclea 


The  differentiation  of  bacterial  particlee  from  other  organic 
or  inorganic  particles  of  equivalent  mag^tude  is  of  considerable  inn 
portance*  We  therefore  canded  out  one  experimental  series  idilch  mas 
Intended  to  determine  the  fluorochromatic  stalnability  of  such  sub~ 
stances  mlth  the  selected  15  fluoroohromates  on  10  organic  and  inorganic 
particles t 

1)  Organic  Particles 
Spores t 

lorcopodlum  0  32.0 

Puffball  0  2.5 

Synthetic  organic  particles 

Latex  fflBulaion  0  1.17 

nmenite  0  ^  20.00  ytf 

Ehnir-powder  120-FD,  BASF  0  ^  40.00  yLf 
Uomllith  DIfr-3  Hoechst  0  0.80  ^ 

B)  Inorganic  Particles 

MLcro-tadcum,  Norwegian  talc  IT  extra  0  5 
Clay  (Putman)  0/~'O.l  -  7.0  A 

Soot  (Carbon  black)  0  0.47  ^ 

Fly  ash  0  <  80.0 <  5.0 ^ 

An  substsuices  were  processed  with  aqueous  fluDrochromate  solu¬ 
tions  at  It 10, 000  and  examined  Immediately. 


Color  Table  6  shows  the  resvilts  obtained  in  this  experimental 
series  and  indicates  that  most  of  the  fluoroohromates  will  stain  organic 
particles,  e.g.  spores.  Other  organic  particles,  e.g.  emur*pomder  (a 
mixed  styrol  polymeride)  and  mowillth  Dllh3  (polyvinyl  acetate)  also  ac¬ 
quire  notable  fluorescence. 
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However^  in  prlnolpl**  it  does  not  appear  that  inorganic  partloles 
can  be  demonstrated  eith  fluorochromates*  is  an  exception  to  thls^  m 
should  note  that  clay  particles  react  positively  to  fluoroohromatlc  stain- 
Ingf  especially  with  acridine  dyes,  by  predradnanbly  red  fluorescence. 
Acridine  orange  also  induces  a  positive  reaction  of  talcum. 

These  fluorescent  effects  on  Inorganic  particles  are  probably  due 
to  absorption.  In  the  prsctioal  differentiation  of  bacteria  from  cer¬ 
tain  minerals  throu^  fluoresoenoe*4nicroscoplc  techniques,  however,  the 
type  of  bonding  has  no  ijq>ortanee.  We  cam  definitely  note  that  a  posi¬ 
tive  effect  of  fluorescence  is  not  proof  of  the  presence  of  organic  sub¬ 
stances.  We  must  consider  the  possibilities  that  certain  organic  par¬ 
ticles  may  have  a  positive  reaction.  Further  investigation  will  be 
necessary  to  settle  this  question  for  all  pertinent  matter  and  to  eliie- 
inate  the  sources  of  exror  by  the  selection  of  suitable  dyss,  e.g.  aura- 
mine  0,  aurophosphlne,  rlvanol,  tzypaflavln  (cf.  Color  Table  6). 

8.  Lessening  of  Background  Fluorescence 

As  already  stated  above,  it  is  Important,  during  fluarochromatic 
staining,  in  liqxiid  media,  to  keep  background  fluorescence,  (l.e.  inher¬ 
ent  fluorescence  of  the  dye  in  solution)  as  low  as  possible.  This  is 
especially  true  in  the  case  where  fluorochromatic  staining  is  intended 
to  laq^rove  the  possibility  of  counting  corpuscular  elements  in  oontin?* 
uous-flow  chambers. 

Althou^  we  had  already  selected,  on  the  bemis  of  earlier  experi¬ 
mentation,  those  fluorochromates  idiich  produce  a  relatively  low  bade* 
ground  fluorescence  (5.2),  we  felt  that  it  would  be  pertinent  to  attempt 
to  lower  the  background  fluorescence  of  the  solution  also  in  the  fin¬ 
ally  selected  15  fluorochromates. 

For  this  were  available  in  principle  two  methods,  that  of  suppres¬ 
sion  of  fluorescence  and  that  of  elution  of  the  fluorochromates. 

8.1.  Suppression  of  Fluorescence 

We  know  that  there  are  a  number  of  chemical  substances  idilch  are 
able  to  lower  the  intensity  of  fluorescence.  Ihls  is  in  particular  true 
for  heavjMnetal  ions,  for  bromine  and  Iodine  and  also  for  certain  organ¬ 
ic  molecules.  Hemoglobin  also  has  a  fluoresc«ace-suppresslng  effect. 

We  therefore  tested  six  fluorescence-suppressing  substances  in  an  inves¬ 
tigative  and  seml-quantitatlve  experiment.  The  reaction  of  these  sub- 
staxices  to  solutions  of  15  fluorochromates  is  embodied  in  Table  2. 


19 


Organic  and  Inorganic  Particles 
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Thioflavln  T 


iGLl  suppressants  were  always  utilized  as  aqueous  solutions* 

The  best  results  were  obtained  with  iron  and  iodine  compounds*  Both 
partially  svQ>press  the  fluorescence  of  most  of  the  fluorochromatlo  solu¬ 
tions*  Iodine  conqwunds  are  apparently  most  effective*  The  addition 
of  a  potassium-iodide  solution  to  the  respective  fluorochrcmatlc  solu^ 
tlon  produced  a  lessening  of  background  fluorescence  to  about  onerhalf 
of  its  original  intensity*  In  an  experiment  with  the  counter  of  the 
CAP  company^  the  favorable  Influence  of  this  fluorescence  suppressant 
was  very  marked*  Quantitative  tests  would  probably  result  in  even  more 
favorable  findings* 


Table  2 


Cu^ 

Kh** 

j” 

Br** 

(FeSO^) 

(CuSO^) 

(MhClg) 

(KJ) 

(KBr) 

Acridine  yellow 

- 

- 

- 

1 

Acridine  orange 

♦ 

- 

- 

•f 

♦ 

Auramin  0 

- 

am 

♦ 

♦ 

Aurophosphin  0 

+ 

- 

- 

♦ 

4- 

Coriphosphine  0 

+ 

- 

- 

♦ 

- 

Coriphosphine-fuchsine 

- 

- 

- 

"Brilliant  dianil"  green 

- 

- 

- 

- 

Diamond  phosphine 

+ 

- 

- 

t 

"Entozon  granulate" 

+ 

- 

- 

4- 

" 

Euchrysine 

- 

♦ 

t 

Korin  (Iferck) 

- 

- 

- 

Rlvanol 

•f 

- 

- 

♦ 

- 

Thioflavin  S 

- 

- 

- 

- 

Thioflavin  T 

- 

- 

- 

4- 

4- 

Trypaflavin 

- 

- 

- 

- 

4- 
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8«2.  Blutlon  of  Fluorochronate 


Sxperliaentatlon  for  this  pxirpose  was  begun  by  fluorochronatlo 
staining  of  bacteria  with  the  15  selected  agents  in  the  custcmazy  Banner* 
After  ejqposure  (to  staining)  for  three  ndnates,  the  bacterial  suspension 
ms  centrifuged  (2yO(X)  rpia  for  10  minutes ),  the  siq)ematant  discarded 
and  the  sedloent  dissolved  in  physiological  salt  solution  by  shaking* 

This  process  was  repeated  three  tines*  After  each  elution^  the  saaple 
eas  examined  under  the  fluorescence-microscope  for  evaluation  of  the  lx>- 
tensity  of  particle  fluorescence* 

The  results  of  these  expeidments  can  be  summarized  by  noting  that 
the  background  fluorescence  is  practically  eliminated  after  a  single 
elution  idiereas  bacterial  fluorescence  is  fully  retained*  Further  eluf 
tlon  has  no  advantages;  on  the  contrary,  the  intensity  of  the  fluores¬ 
cence  of  the  bacteria  decreases  increasingly* 

We  are  therefore  inclined  to  favor  one  single  elution  of  the 
fluorochromate,  provided  that  conditions  in  practice  pexnlt  this*  Other- 
vise,  suppression  of  fluorescence  (vlth  potassium-iodide)  is  preferable* 
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